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Data Compilation for AGR-2 UCO Baseline Compact Lot LEU07-OP1-Z

J.D. Hunn, F. C. Montgomery and P. J. Pappano
Oak Ridge National Laboratory

This document is a compilation of characterization data for the candidate AGR-2 UCO Baseline
fuel compact lot LEUO7-OP1-Z. The compacts were produced by ORNL for the Advanced Gas
Reactor Fuel Development and Qualification (AGR) program for the second AGR irradiation test
(AGR-2). This compact lot was fabricated using particle composite LEUO7. LEUO7 came from
Babcock and Wilcox (B&W) coated particle lot G73J-14-93072A, which was an upgraded batch
of TRISO-coated 425 ym diameter, 14% low enrichment uranium oxide/uranium carbide kernels
(LEUCO). The AGR-2 TRISO-coated particles consist of a spherical kernel coated with an
~50% dense carbon buffer layer (100 gm nominal thickness), followed by a dense inner
pyrocarbon layer (40 uym nominal thickness), followed by a SiC layer (35 ym nominal
thickness), followed by another dense outer pyrocarbon layer (40 ym nominal thickness). The
kernels were also manufactured by B&W and identified as kernel lot G731-14-69307. Two data
packages were submitted by B&W containing the acceptance testing results for the kernels and
coated particles, these are identified by their lot numbers. A discussion on the coating of the
B&W TRISO particles can also be found in INL report INL/EXT-09-16545. A data compilation
of ORNL analysis of G73J-14-93072A can be found in ORNL/TM-2008/133.

The AGR-2 Fuel Specification (INL SPC-923) provides the requirements necessary for
acceptance of the fuel manufactured for the AGR-2 irradiation test. Section 3.3 of SPC-923
provides the property requirements for the heat treated compacts. The Statistical Sampling Plan
for AGR-2 Fuel Materials (INL PLN-2691) provides additional guidance regarding statistical
methods for product acceptance and recommended sample sizes. The procedures for
characterizing and qualifying the compacts are outlined in ORNL product inspection plan AGR-
CHAR-PIP-12. The inspection report forms generated by this product inspection plan document
the product acceptance for the property requirements listed in section 3.3 of SPC-923. Prior to
compacting, the overcoated particles are characterized per ORNL product inspection plan AGR-
CHAR-PIP-11 to obtain data needed for calculation of compacting charge weight and matrix
density. Riffling of compact charges is also covered by this procedure. Prior to overcoating, the
TRISO particles are characterized per ORNL product inspection plan AGR-CHAR-PIP-10 to
determine uranium content, obtain data needed for overcoating and compact fabrication, and
obtain further data needed for calculation of matrix density. Riffling of overcoater charges is also
covered by this procedure. This document contains all the inspection report forms and data report
forms generated by these inspection plans.

In addition to the characterization data, this report also contains other records relevant to the fuel
product acceptance. A history of the material flow and sample naming is included. The
overcoating and compacting process is summarized. A record of the materials used to make the
matrix is also included. A Certificate of Conformance and any applicable Nonconformance
Reports are attached as Appendices.
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Material identification record for LEU07-OP1-Z compacts

Table 1-1 lists the materials used to make the LEUO7-OP1-Z compacts, including intermediate
batches and samples used for characterization. TRISO-coated particles were shipped from B&W
to ORNL on December 22, 2008. Twenty four completed compacts were shipped to INL on June
24, 2009. Twenty four compacts were retained at ORNL and 107 compacts were consumed at
ORNL by the QC acceptance testing. Table 1-2 lists the disposition of each compact.

Table 1-1: Material identification record for LEU07-OP1-Z compacts

Sample ID

Parent material

Notes

G731-14-69307

G731-14-59370
G731-14-59371
G731-14-59372
G731-14-59373
G731-14-59375

B&W kernel composite from 5 batches

G73J-14-93072A

G731-14-69307

B&W TRISO-coated particles

NP-B8220 G73J-14-93072A 983 g sample from 93072A shipped to ORNL on 12/22/2008
NP-B8221
NP-B8222
NP-B8§223
LEU07 NP-B8220 TRISO-coated particles re-composited after methanol wash
NP-B8221
NP-B8222
NP-B8§223
LEU07-A01 LEUO07 TRISO-coated particle QC archive
LEU07-BO1 LEU07 TRISO-coated particle characterization samples
LEU07-CO01
LEU07-DO01
LEU07-E01
LEU07-FO1
LEU07-GO1
LEUO7-Y## LEU07 Charges for overcoating, numbered YOI through Y48
RD13371 Asbury Graphite Mills | Natural graphite
KRB2000 SGL Carbon Synthetic graphite
SC1008 Hexion Durite resin lot LK8JD0450

RDKrS-011309
RDKrS-012009
RDKrS-022009
RDKrS-021309

64 wt% RD13371
16 wt% KRB2000
20 wt% SC1008

Matrix precursor batches

LEU07-OP1

LEU07-Y01 to LEUO7-Y17 + RDKrS-011309
LEUO07-Y18 to LEUO07-Y25 + RDKrS-012009
LEU07-Y27,Y29, Y31 + RDKrS-012009
LEU07-Y26, Y28, Y30 + RDKrS-022009
LEU07-Y32 to LEUO7-Y44 + RDKrS-022009
LEU07-Y45 to LEU07-Y48 + RDKrS-021309

Over-coated particle composite

LEU(07-OP1-A01 LEU(07-OP1 Overcoated particle QC archive
LEU07-OP1-B01 LEU07-OP1 Overcoated particle characterization samples
LEU(07-OP1-CO01

LEUO07-OP1-G### | LEU07-OP1 Compacts, numbered G001 through G180

LEUO7-OP1-Z###

LEUO7-OP1-G###

Compacts, numbered Z001 through Z155
One to one correspondence to G### recorded on DRF24C (section 7)




Table 1-2: Disposition of LEU07-OP1-Z compacts
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Sent to INL

Retained at ORNL

Consumed during QC analysis

LEU07-OP1-Z003
LEU07-OP1-Z004
LEU07-OP1-Z007
LEU07-OP1-Z012
LEU07-OP1-Z014
LEU07-OP1-Z019
LEU07-OP1-Z020
LEU07-OP1-Z021
LEU07-OP1-Z041
LEU07-OP1-Z043
LEU07-OP1-Z068
LEU07-OP1-Z072
LEU07-OP1-Z074
LEU07-OP1-Z080
LEU07-OP1-Z081
LEU07-OP1-Z082
LEU07-OP1-Z093
LEU07-OP1-Z09%4
LEU07-OP1-Z105
LEU07-OP1-Z106
LEU07-OP1-Z117
LEU07-OP1-Z118
LEU07-OP1-Z121
LEU07-OP1-Z128

LEU07-OP1-Z008
LEU07-OP1-Z015
LEU07-OP1-Z016
LEU07-OP1-Z036
LEU07-OP1-Z054
LEU07-OP1-Z063
LEU07-OP1-Z065
LEU07-OP1-Z067
LEU07-OP1-Z071
LEU07-OP1-Z073
LEU07-OP1-Z084
LEU07-OP1-Z089
LEU07-OP1-Z098
LEU07-OP1-Z102
LEU07-OP1-Z109
LEU07-OP1-Z113
LEU(07-OP1-Z116
LEU07-OP1-Z126
LEU07-OP1-Z131
LEU(07-OP1-Z132
LEU07-OP1-Z137
LEU07-OP1-Z143
LEU07-OP1-Z148
LEU07-OP1-Z151

LEU07-OP1-Z001
LEU07-OP1-Z002
LEU07-OP1-Z005
LEU07-OP1-Z006
LEU07-OP1-Z009
LEU07-OP1-Z010
LEU07-OP1-Z011
LEU07-OP1-Z013
LEU07-OP1-Z017
LEU07-OP1-Z018
LEU07-OP1-Z022
LEU07-OP1-Z023
LEU07-OP1-Z024
LEU07-OP1-Z025
LEU07-OP1-Z026
LEU07-OP1-Z027
LEU07-OP1-Z028
LEU07-OP1-Z029
LEU07-OP1-Z030
LEU07-OP1-Z031
LEU(07-OP1-Z032
LEU07-OP1-Z033
LEU07-OP1-Z034
LEU07-OP1-Z035
LEU07-OP1-Z037
LEU07-OP1-Z038
LEU07-OP1-Z039
LEU07-OP1-Z040
LEU07-OP1-Z042
LEU07-OP1-Z044
LEU07-OP1-Z045
LEU07-OP1-Z046
LEU07-OP1-Z047
LEU07-OP1-Z048
LEU07-OP1-Z049
LEU07-OP1-Z050

LEU07-OP1-Z051
LEU07-OP1-Z052
LEU07-OP1-Z053
LEU07-OP1-Z055
LEU07-OP1-Z056
LEU07-OP1-Z057
LEU07-OP1-Z058
LEU07-OP1-Z059
LEU07-OP1-Z060
LEU07-OP1-Z061
LEU07-OP1-Z062
LEU07-OP1-Z064
LEU07-OP1-Z066
LEU07-OP1-Z069
LEU07-OP1-Z070
LEU07-OP1-Z075
LEU07-OP1-Z076
LEU07-OP1-Z077
LEU07-OP1-Z078
LEU07-OP1-Z079
LEU07-OP1-Z083
LEU07-OP1-Z085
LEU07-OP1-Z086
LEU07-OP1-Z087
LEU07-OP1-Z088
LEU07-OP1-Z090
LEU07-OP1-Z091
LEU07-OP1-Z092
LEU07-OP1-Z095
LEU07-OP1-Z096
LEU07-OP1-Z097
LEU07-OP1-Z099
LEU07-OP1-Z100
LEU07-OP1-Z2101
LEU07-OP1-Z103
LEU(07-OP1-Z104

LEU07-OP1-Z107
LEU07-OP1-Z108
LEU07-OP1-Z110
LEU07-OP1-Z111
LEU(07-OP1-Z112
LEU(07-OP1-Z114
LEU07-OP1-Z115
LEU07-OP1-Z119
LEU07-OP1-Z120
LEU07-OP1-Z122
LEU07-OP1-Z123
LEU07-OP1-Z124
LEU07-OP1-Z125
LEU07-OP1-Z127
LEU07-OP1-Z129
LEU07-OP1-Z130
LEU07-OP1-Z133
LEU07-OP1-Z134
LEU07-OP1-Z135
LEU07-OP1-Z136
LEU07-OP1-Z138
LEU07-OP1-Z139
LEU07-OP1-Z140
LEU07-OP1-Z141
LEU(07-OP1-Z142
LEU(07-OP1-Z144
LEU07-OP1-Z145
LEU07-OP1-Z146
LEU07-OP1-Z147
LEU07-OP1-Z149
LEU07-OP1-Z150
LEU07-OP1-Z152
LEU07-OP1-Z153
LEU07-OP1-Z154
LEU07-OP1-Z155
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2 Summary of acceptance test results for LEU07-OP1-Z

At the end of this section is the inspection report form IRF-12A associated with the compact lot
LEUO06-OP1-Z. This inspection report form also appears in section 7 of this compilation,
accompanied by the associated data report forms (DRFs) showing the results of each individual
measurement. The inspection report form summarizes the acceptance testing performed
according to the product inspection plan AGR-CHAR-PIP-12. The information in this form
covers all the property specifications listed in section 3.3 of the AGR-2 Fuel Specification (INL
SPC-923, Rev. 3). The compact lot, LEU0O7-OP1-Z, did not meet all the requirements in section
3.3 of SPC-923, Rev. 3. A nonconformance related to compact length was determined to be
acceptable. However, a higher than allowed fraction of exposed uranium was determined to not
be acceptable for the AGR-2 irradiation test. The exposed uranium was due to cracked TRISO
layers in the coated particle composite. These cracks are thought to have occurred when particles
were removed from the coating furnace using a suction device. In addition, a higher than allowed
IPyC defect fraction was determined to not be acceptable for the AGR-2 irradiation test.
Excessive permeability of chlorine through the IPyC during SiC deposition was evident from x-
ray observation of uranium dispersion out of the kernel and into the buffer after particles
experienced 1800°C heat treatment in the final stage of compacting. The final disposition of this
compact lot was to not use the compacts for the AGR-2 irradiation test, but to retain the
compacts in storage at ORNL and INL for possible future analysis or methods development. This
disposition was documented on INL NCR-44791 and INL NCR-44792.

Table 2-1 is provided for quick reference. It gives the mean values of key variable properties of
the compact lot, LEUO7-OP1-Z. For standard deviations of the distribution of the measured
values see the appropriate IRF or DRF. For discussions on the uncertainty in these values, see the
associated data acquisition methods and data report forms.

Table 2-1: Quick reference table for key variable properties of LEU07-OP1-Z.

Property Mean
Mean uranium loading (g U/compact) 1.251
Compact diameter (mm) 12.32
Compact length (mm) 25.19
Compact mass (g) 6.346
Compact matrix density (g/cm’) 1.61
Impurity content

The reported mean impurity levels for the fuel compacts, recorded on IRF-12A and IRF-12B,
may be higher than the actual values. This is because the as-reported mean impurity levels do not
reflect the fact that some of the measurements were at or below the mass spectrometry
measurement threshold, and thus could not be differentiated from zero. For the purpose of the
acceptance test, impurity values reported as threshold values (documented in the data report
forms with the < symbol) are always assumed to be equal to the maximum possible value. In
addition, each time a leach was performed, a blank run was also performed, where all the
relevant wet chemistry steps in the leach-burn-leach procedure in AGR-CHAR-DAM-26R1 were
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performed without a compact present, in order to obtain background values for each analyzed
impurity. If a measurable impurity value was obtained in the blank, then that value was
subtracted from the measured value in each sample. However, if a threshold value was reported
in the blank, then no background subtraction was performed. Table 2-2 shows the possible range
for the measured impurities, where the upper limit is the as-reported mean and the lower limit is
the possible minimum value calculated by accounting for the fact that values reported as
threshold values could have been as low as zero. This range reflects the uncertainty in the
measured impurity values due to the mass spectrometry measurement thresholds.

Table 2-2: Mean impurity levels for fuel compacts from LEU07-OP1-Z compact lot
measured by deconsolidation leach-burn-leach technique.

Impurity Measured impurity content (zg/compact)

[ron 0.70 - 4.78
Chromium 0.37-0.59
Manganese 0.00 - 0.20
Cobalt 0.00 - 0.16
Nickel 0.02-0.84

Calcium 30.35 - 36.05

Aluminum 30.01 - 30.08
Titanium 2.17-3.05

Vanadium 18.01 - 18.23

Table 2-3 is also provided for quick reference. It gives the upper limit of the 95% confidence
interval of the defect fraction for key attribute properties of the compact lot LEUO7-OP1-Z. In
other words, these values are the lowest tolerance limits for which the compact lot would be
deemed acceptable at 95% confidence, based on the particular sample that was measured. Also
listed in the table are the actual number of defects observed and the number of particles
analyzed. Note that in the case of all but the uranium contamination fraction, zero defects were
observed. The defect fractions listed in the table for these cases are limited by the number of
particles measured and the actual defect fraction could be much lower.

Table 2-3: Quick reference table for key attribute properties of LEU07-OP1-Z.

Property Observed Number of Defects/ 95% Confidence

Number of Particles Analyzed Defect Fraction
Uranium contamination fraction 15/317690 <7.3E-5
Defective SiC coating fraction 0/190614 <1.6E-5
Defective IPyC coating fraction 443/63538 <7.6E-3
Defective OPyC coating fraction 0/3177 <9.5E-4

It is also interesting to note the increase in pyrocarbon anisotropy due to compact heat treatment.
The diattenuation of the IPyC increased from 0.0118+0.0006 to 0.0150+0.0006 (1.0355+0.0019
to 1.0451+0.0019 in terms of effective BAFo). The diattenuation of the OPyC increased from
0.0081+0.0003 to 0.0129+0.0007 (1.0242+0.0008 to 1.0388+0.0021 in terms of effective BAFo).
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3 Compacting process conditions

Four samples totaling 983 g were riffled from coated particle batch G73J-14-93072A using a
chute splitter, and shipped from B&W on December 22, 2008. After receipt, the particles were
washed in methanol per procedure AGR-TRISOWASH-SOP-1, “Standard Operating Procedure
for TRISO Particle Washing.” Washing of particles prior to overcoating was adapted in order to
help reduce the amount of contamination on the particles that may have been acquired during
processing or general handling. This procedure also reduces the amount of loose carbon dust on
the surface of the particles. The washing procedure was adopted from General Atomics’ particle
washing procedures.

After washing, particles were combined and homogenized and renamed LEUO7 and AGR-
CHAR-PIP-10, Rev. 2, "Product Inspection Plan for AGR-2 Particles for Compacting -
Preliminary Measurements" was completed. This plan calls for measurement of average particle
weight, diameter, envelope volume, and uranium content. The plan also calls for riffling of 20
gram aliquots for use as overcoater charges. Riffling at ORNL was done using a 10 position
rotary riffler. After riffling out the characterization samples, forty-eight overcoater charges were
prepared and labeled LEUO7-YO1 through Y48. The results of the PIP-10 inspection are reported
in section 5. Additional ORNL characterization performed on another sample taken from G73J-
14-93072A 1is provided in ORNL/TM-2008/133, "Data Compilation for AGR-2 UCO Baseline
Coated Particle Batch G73J-14-93072A".

One ~20g aliquot was used per overcoating run. Overcoating was performed according to AGR-
COMP-SOP-2, Rev. 1, "Standard Operating Procedure for Overcoating TRISO Particles." The
LEUO7-Y## riffled aliquots were overcoated with the following matrix batches: YO1-Y17
(RDKrS 011309), Y18-Y25, Y27, Y29, Y31 (RDKrS 012009), Y26, Y28, Y30, Y32-Y44
(RDKTrS 022009), and Y45-Y48 (RDKTrS 021309).

In total, 1396 grams of -12/+16 overcoated particles were produced by overcoating TRISO
aliquots YO1-Y48. “-12/+16” overcoated particles are those that pass through an ASTM E11 No.
12 sieve (1.70 mm nominal opening) but do not pass through an ASTM EI11 No. 16 sieve (1.18
mm nominal opening). The 1396 grams of sieved overcoated particles was tabled and 1214
grams of Bin 3 particles were recovered. “Bin 3” particles are those particles that end up in the
third bin of a shape separation inclined table; these are the most spherical overcoated particles.
1214 grams of Bin 3 overcoated particles was determined to be a sufficient quantity to produce at
least 180 compacts, based on preliminary calculations. The total number of compacts required
for acceptance testing, irradiation, and spares was 155.

After overcoating, the overcoated particles from YO1-Y48 were combined and homogenized into
an overcoated particle composite. The overcoated particle composite was labeled LEUO7-OP1
and AGR-CHAR-PIP-11, Rev. 0, "Product Inspection Plan for AGR-2 Overcoated Particles for
Compacting" was completed. This plan calls for measurement of average overcoated particle
weight and diameter. The results of the PIP-11 inspection are reported in section 7. The plan also
calls for riffling of compact charges for pressing.
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Based on the average uranium loading determined for the LEUO7 particles of 3.930-10* g
(section 5), 3219 particles would be needed in each compact to obtain an average uranium
loading of 1.265 g for the compacts (the specified loading in SPC-923 was 1.265 + 0.07 g).
However, for consistency with the LEU06-OP1-Z compact lot (see LEU06-OP1-Z compacts data
package ORNL/TM-2009/304) a target of 3200 particles per compact was chosen. This compact
charge was based on the measured average uranium loading for LEUO6 particles of 3.953-10* g.
Note that both of these particle batches used the same kernel charge so the uranium loading was
expected to be the same. The average LEUO7-OP1 overcoated particle weight was measured to
be 2.018-10” g (section 6). Using this value, a compact charge of 6.458 g was calculated in order
to achieve a compact with a uranium loading of 1.265 + 0.07 g. One hundred and eighty compact
charges were prepared and labeled LEUO7-OP1-G001 through G180. A record of the weight of
each compact charge can be found on data report form DRF-24D, in section 7.

Actual compact uranium loading was measured to be 1.251 + 0.005 g. Twenty compacts were
deconsolidated and the particles were counted as part of the x-ray analysis for possible uranium
dispersion due to defective IPyC. The average number of particles per compact was determined
to be 3177, 23 particles short of the target compact loading. This reduced number of particles per
compact explains the slightly low uranium loading result. It is hypothesized that the reason for
the undershoot in particles per compact was due to weight loss from the overcoated particles
from evaporation of methanol and volatiles from the resin. Overcoated particles were kept in
sealed containers as much as feasible during riffling of the compact charges. However, it is likely
that the weight loss due to evaporation for the samples used to determine average particle weight
was greater than for the overcoated particles weighed out into each compact charge. Therefore,
the average overcoated particle weight used to calculate the target compact charge was slightly
too low.

Note that all the uranium per particle measurements on the LEUO6 and LEUO7 material were
consistent to within the sampling error and measurement uncertainty, as expected given that the
same kernel batch was used for both coating runs. Table 3-1 shows the measured average
uranium content in the particles from the uranium analyses performed directly on the particles
compared to that calculated from the analyses performed on the compacts divided by the average
number of particles per compact.

Table 3-1: Average and standard deviation (+ value) of four independent measurements of
uranium per particle for LEU06 and LEUO7 particles.

LEUO06 LEUO7

grams U/particle based on particle analysis 3.953+0.010-10" g 3.930 £0.007 -10* g

grams U/particle based on compact analysis 3.942 +0.006 10" g 3.938+0.016-10" g

The LEUO7-OP1-G## compacting charges were formed into green compacts using a heated,
double acting die and a Carver hydraulic press. Compacting was performed in accordance with
AGR-COMP-SOP-3, Rev. 1, "Standard Operating Procedure for Compacting". The die was
heated to 70°C and approximately 0.10 g of matrix was added to the top and bottom of the
compact in order to create matrix “end caps.” The end caps were formed with the compact by
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first pouring a matrix charge into the heated die, followed by the overcoated particles, and then a
second charge of matrix. This forming method created a thin (less than 0.5 mm thick) fuel free
zone on the ends of the compact, called end caps. In total, 180 green compacts were fabricated.
The compacts retained the designation of the riffled charges, LEUO7-OP1-G001 through G180.
All 180 green compacts were carbonized and heat treated according to AGR-COMP-SOP-4,
Rev. 0, "Standard Operating Procedure for Carbonizing Compacts," and AGR-COMP-SOP-5
Rev. 1, "Standard Operating Procedure for Heat-treating Compacts."

Prior to compacting the LEUO7-OP1-G### charges, test compacts were made using excess
material from the Bin 2 overcoated particles that were accumulated after tabling. Bin 2
overcoated particles are spherical in nature, but not as spherical as the Bin 3 overcoated particles
that were retained for the LEUO7-OP1 composite. LEUO7 Bin 2 overcoated particles were
compacted in an effort to determine the optimal pressing temperature needed to avoid end cap
fissures. End cap fissures were found in some of the LEUO6 compacts and were evidenced by
what appeared to be a thin surface crack where the end caps met the overcoated particles. The
end cap fissures appeared to be caused by adhesion of the end caps to the pressing rams at the
elevated temperatures used for LEUO6-OP1-Z compacting. AGR-1 compacts were made at room
temperature with a higher methanol content in the overcoat in order to reduce the compacting
pressure. The AGR-2 compact fabrication process replaced the high methanol content with the
use of an elevated compacting temperature to help the overcoat to flow easier. Compacting at
elevated temperature was more in line with the current AGR program plans for future compact
scale-up, which may use elevated temperature instead of methanol to enhance resin flow and
which may involve temperatures as high as 140°C, depending on the type of resin used. Note
that the end cap fissure defect didn't appear during earlier AGR-2 compacting development
efforts because the defect fraction was too low to observe until a large number of compacts were
processed under identical conditions. Minor modifications to the compacting process parameters
were explored in order to eliminate the presence of end cap fissures. In total, 28 LEUO7 Bin 2
test compacts were made at pressing temperatures ranging from 45 to 95°C. It was found that no
fissures were observed at lower temperatures, but that greater than 700 lbs-f (3100 N) pressing
forces were needed to achieve target packing fractions and matrix densities. The optimal pressing
temperature and subsequent force was found to be a pressing temperature of 70°C, which
required a force of ~560 Ibs-f (~2500 N). This was a lower temperature and higher pressure than
used for LEU06-OP1-Z compacts (94.5°C, ~2000 N).

After compacting, 155 compacts were selected from LEUO7-OP1-G001 through G180 for use.
Compacts with obvious processing defects, chips, or undesirable dimensions were sorted out and
not included in the 155 compacts selected for the final fuel compact lot. This down-select was
part of the compacting process and was performed prior to random selection of compacts for
acceptance testing. It should be understood that the results in this section and the acceptance
testing are only relevant for the final 155 compact lot from which random representative samples
were drawn for characterization. As instructed in AGR-CHAR-PIP-12, Rev. 1, "Product
Inspection Plan for AGR-2 UCO Fuel Compact Lots", these 155 compacts were randomized and
relabeled as LEUO7-OP1-Z001 through Z155. A record of the original G-number for each Z-
numbered compact can be found on data report form DRF-24C, in section 7. After relabeling, the
compacts were characterized for product acceptance according to product inspection plan PIP-
12. This plan calls for measurement of compact length, diameter, mass, matrix density, uranium
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content, impurity content, and determination of defect fractions for exposed uranium, defective
SiC, uranium dispersion due to defective IPyC, and defective OPyC.

AGR-2 Process Conditions

The LEUO7-OP1-Z (AGR-2 UCO Baseline) compact lot was made in accordance with the AGR-
2 Fuel Specification (SPC-923, Rev. 3). The specified AGR-2 process limits are listed below.

Molding Pressure: < 60 MPa

Carbonization parameters: < 350°C/hr in He atmosphere
Hold at 950 + 50°C for 1.0 + 0.4 hr
Furnace cool

Heat treatment parameters: ~20°C/min in vacuum (<1.3 Pa)
Hold at 1650-1850°C for 60 + 10 min
Furnace cool at ~20°C/min to below 700°C

Table 3-2 shows the process conditions used in molding the compacts, carbonizing the compacts,
and heat treating the compacts. In the carbonization regime, the furnace was allowed to cool
under no power (i.e., after holding at 950°C for 1 hour, power was turned off). In the heat
treatment run, the furnace was cooled under power at 20°C/min until the furnace temperature
reached 700°C, and then the furnace was allowed to cool under no power.
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4 Impurity analysis of matrix, resin, and graphites

The AGR-2 Fuel Specification (SPC-923) puts maximum limits on the elemental impurities Al,
Ca, Ti, V, Cr, Mn, Fe, Co, and Ni. The natural graphite, synthetic graphite, and thermosetting
resin used to make the matrix/overcoat material may contain these impurities. Therefore, the
selection of graphites and resin used to make the matrix must have low concentrations of these
impurities to ensure that the compacts made from the matrix will be within specification.
Subsequently, part of the compacting development effort was selection and qualification of
natural graphite, synthetic graphite, and resin. A graphite or resin was considered “qualified” if it
could produce a compact that was within specification on impurities. The AGR-1 compacts
showed that compacts could be made from these matrix constituents and pass the impurity
specification. The qualification process involved receiving natural graphite and synthetic
graphite and testing them via glow discharge mass spectrometry (GDMS) in order to establish
their initial impurity concentrations. The graphites and resin were then combined to produce
matrix that was carbonized and heat treated in powder form. The impurity levels in the heat
treated matrix was then also measured by GDMS.

Table 4-1 shows the initial impurity levels for the natural graphite and synthetic graphite that
were used to make LEUO7-OP1-Z compacts. Natural graphite (Asbury Graphite Mills
RD13371), synthetic graphite (SGL Carbon KRB2000), and thermosetting resin (Hexion Durite
SC1008-lot LK8JD0450) were combined in a weight ratio of 64:16:20 to make the matrix. Four
batches of matrix were produced: RDKrS-011309, RDKrS-012909, RDKrS-020209, and
RDKIrS-021309. A sample of the RDKrS-011309 matrix was carbonized and heat treated in
powder form prior to being tested for impurities by GDMS. The other matrix batches were not
tested because they were made up of the same starting materials. Notice that the heat treatment
processes significantly reduced impurity levels in the matrix for several elements.

Table 4-1: Matrix constituents that were used in AGR-2 LEU07-OP1-Z compacts

Impurity concentration (ppm)
Element Natural Graphite- Synthetic Graphite- Heat treated Matrix-
RD13371 KRB2000 RDKrS-011309

Element Concentration (ppm) Concentration (ppm) Concentration (ppm)

Al 36 0.35 <0.05

Ca 94 0.7 0.45

Ti 043 0.06 0.73

\% 0.6 0.02 6.3

Cr 45 <0.5 <0.5

Mn 0.54 <0.05 <0.05

Fe 34 14 0.03

Co <0.05 0.25 <0.05

Ni 0.37 1.2 <0.1

The following pages show the impurity analysis reports for the natural graphite, synthetic
graphite, and matrix sample listed in Table 4-1. Also attached is the certificate of analysis for the
resin from Hexion. Note that an expiration date was set for the resin of 6 months from the
manufacture date. LEUO7-OP1-Z compacting was completed on 4/02/09.
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6707 Brooklawn Parkway GDMS T PRAR 43 |

‘ FAX (2151 431-9800
Syracuse, New York 13211 ANALYTICAL REPORT E-mail info@shivatec.com

Customer:  UT-Battelle Oak Ridge P.O. # MCH4-0191

Date: 27-Dec-03 Job # UM4335

Customer ID: Graphite Shiva ID: U031218080

AGM RD13371
Element Concentration Element Concentration
[ ppm wi ] S [ ppm wt ]

Li < 0.01 Pd <0.1
Be < 0.01 Ag <0.1
B 0AT Cd <0.1
C Matrix In Binder
N - Sn < 0.5
@) - Sb < 0.5
E =hD Te < 0.1
Na 2.9 | <0.1
Mg 4.8 Cs <0.1
Al 36 Ba 13
Si 240 La < 0.5
P 1.6 Ce 0.08
S 85 Pr < 0.05
Cl 0.8 Nd < 0.05
K 15 Sm < 0.05
Ca 9.4 Eu < 0.05
Sc < (0.05 Gd < 0.05
Ti 0.43 Th < (0.05
\% 0.6 Dy < (.05
Cr 45 Ho < 0.05
Mn 0.54 Er < 0.05
Fe 34 Tm < 0.05
Co < 0.05 Yb < 0.05
Ni 0.37 Lu < 0.05
Cu 10 Hf < 0.05
Zn <01 Ta <5
Ga < 0.1 W Al
Ge < 0.1 Re < 0.05
As <0.1 Os < 0.05
Se < 0.1 Ir < 0.05
Br <0.1 Pt < (0.05
Rb < 0.05 Au <10
Sr 0.19 Hg <0.5
Y 0.95 Tl <0.1
Zr 0.26 Pb <0.5
Nb <0.1 Bi <0.1
Mo < 0.05 Th < 0.05
Ru <0.1 U < 0.05
Rh < 0.1

AN ISO 9002 Registered Company Reviewed by ')D“/V'v:(j_s,gﬁf‘—/

This report shall not be reproduced except in full without written approval of the laboratory.
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Syracuse, New York 13211 ANALYTICAL REPORT E-mail info@shivatec.com

Customer:  UT-Battelle Oak Ridge P.O. # MCH4-0191
Date: 26-Dec-03 Job # UM4335
Customer ID: Graphite Shiva ID: U031218078
SGL
Element Concentration Element Concentration
[ ppm wt ] [ ppm wt ]
Li < 0.01 Pd <0.1
Be < 0.01 Ag <0.1
B 2.1 Cd =01
G Matrix In Binder
N - Sn <0.5
@] - Sb < 0.5
F <5 Te < 0.1
Na 0.45 | < 0.5
Mg 0.2 Cs <0.5
Al 0.35 Ba <0.1
Si 3.1 La <0.5
P 0.11 Ce < (0.05
S 9 Pr < 0.05
Cl 3.2 Nd < 0.05
K 0.45 Sm < 0.05
Ca 0.7 Eu < 0.05
Sc < 0.05 Gd < 0.05
Ti 0.06 Th < 0.05
V 0.02 Dy < 0.05
Cr <0.5 Ho < (0.05
Mn < 0.05 Er < 0.05
Fe 1.4 Tm < 0.05
Co 0.25 Yb < 0.05
Ni 1.2 Lu < 0.05
Cu <05 Hf < 0.05
Zn <0.5 Ta <5
Ga <0.1 W 2.7
Ge <0.1 Re < 0.05
As <0.1 Os < 0.05
Se < 0.1 Ir < 0.05
Br < 0.1 Pt < 0.05
Rb < 0.05 Au < 0.1
Sr <0.05 Hg <0.5
Y < (0.05 Tl < 0.1
Zr <005 Pb < 0.5
Nb < 0.1 Bi < 0.1
Mo < 0.05 Th < 0.05
Ru <0.1 U < 0.05
Rh < 0.1
AN ISO 9002 Registered Company Reviewed by ﬁiv:{j_%,

This report shall not be reproduced except in full without written approval of the laboratory. 22
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SHIVA Technologies ORNLZEWF009/3050) 431-9300
‘; E A G GDMS An Operating Unit of Evans Analytical Group LLC Fax: (315) 431-9800
‘ Evans Analiticsl Grop

Customer:  UT-Battelle Oak Ridge P.O.# cc
Date: 5-Feb-09 Job # SO09N5953
Customer ID: Graphite Shiva ID: S090130048
RDKRS 11309
Element Concentration Element Concentration
[ ppm wt ] [ ppm wt ]
Li < 0.01 Pd <0.1
Be < 0.01 Ag <05
B 0.27 €d <0.1
@ Matrix In Binder
N - Sn <0.5
©) - Sb <0.5
E <5 Te <0.1
Na 16 | <20
Mg =05 Cs <0.1
Al < 0.05 Ba ' 4.8
Si 12 La <0.5
P 082 Ce <0.5
S 5.1 Pr < 0.05
Cl 4.2 Nd < 0.05
K <0.1 Sm < 0.05
Ca 0.45 Eu < 0.05
Sc < 0.05 Gd < 0.05
Ti 0.73 Th < 0.05
V 6.3 Dy < 0.05
Cr <0.5 Ho < 0.05
Mn < 0.05 Er < 0.05
Fe 0.03 Tm < 0.05
Co < 0.05 Yb < 0.05
Ni <0.1 Lu < 0.05
Cu <0.1 Hf < 0.05
Zn 0.31 Ta S0
Ga <0.1 W < 0.05
Ge <0.1 Re < 0.05
As <0.1 Os < 0.05
Se <0.1 Ir < 0.05
Br <0.1 Pt <0.05
Rb <0.05 Au =04
S < 0.05 Hg <0.5
N < 0.05 Tl =0
Zn 0.32 Pb <105
Nb <0.1 Bi <0.1
Mo <0.05 Th <0.05
Ru <0.1 U 2.1
Rh <0.1

Accreditations: ISO/IEC 17025, Nadcap Page 1 of 1 Reviewed by %,”‘l W

This report shall not be reproduced except in full without written approval of the laboratory. The recording of false, fictitious, or fraudulent
statements or entries on the document may be punished as a felony under federal law 23
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4/ 5 2 664303 Mektech Composites Inc - CRC
11/04/2008 12:37 FAX 2016664 ¢ ORNLTM Tato s

HEZJION Hexion Sp emalty Chemicals, Inc.  rage 1 of

1

Certificate o Anal\(sus
\ )(_JU
Y
Customer #! 32710 Ship Date: 10/28/2008
Customer Address: PDN: 32444642
CAPITAL RESIN CORPORATION Customer - PO 801634
324 DERING AVENUE Date of MFG: 10/27/2008
COLUMBUS OH 43207
Usa
Attention: KAY FREY
Customer Phone #: 614-445-7177
Customer Fax #: 614-445-7230
s Product Description: Durite SC-1008
SAP Produet #: 369817 DS3271/450%
Property Value Units Specification Ranges Tast Method

Lot Number: LK8JDQ450

pH, 25C 3.02 7.90 8.50 IR-D34.
Specific Gravity 1.0823 1.07380 1.1000 iR-D28
Vizcosity 228 cPs 180 300 IR-111
In=progess Tests Passes - - .

Solids. Phenclic {I50) 62.20 % £60.00 64.00 IR-063

CERTIFICATE OF COMPLIANCE

It is hereby certified that Mexlon's Phenolic Resin, SC-1008, shipped in
this lot has been produced in accordance with Military Specification
(Resin, Phenolle, Laminating) MIL-R9299C, Grades A and B, dated
December 3, 1968. It is recommended that SC-1008 be stored in a
cool place. Storage life is materially increased by refrigerated storsge.
SC-1008 has a usable life of one month at 70 degrees F and six
months at 40 degress F.

Jeftf A LaDuksa

Quality Assurance

An 1508001:2000 Certified Company

SHIPPED FROM: Hexion Specialty Chemicals # 6200 Campground Road
Louisville, KY 40218 ® Phone: 502-449-65683
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5 Characterization of coated particles

This section contains characterization data on the TRISO particle lot LEUO7. The data was
obtained according to product inspection plan AGR-CHAR-PIP-10R2, "Product Inspection Plan
for AGR-2 Particles for Compacting - Preliminary Measurements". The data obtained by this
inspection plan is used in support of compact fabrication and for input into measurements made
for compact acceptance testing. There are no direct specifications for the measured parameters.

After washing, the G73J-14-93072A particles were renamed LEUO7 and AGR-CHAR-PIP-10R2
was completed. This plan calls for measurement of average particle weight, diameter, envelope
volume, and uranium content. OPyC open porosity is also obtained as part of the envelope
volume analysis and reported for information only. The plan also calls for riffling of 20 gram
aliquots for use as overcoater charges. Riffling at ORNL was done using a 10 position rotary
riffler. After riffling out the characterization samples, forty-eight overcoater charges were
prepared and labeled LEUO7-YO01 through Y48. Additional ORNL characterization performed on
another sample taken from G73J-14-93072A is provided in ORNL/TM-2008/133, "Data
Compilation for AGR-2 UCO Baseline Coated Particle Batch G73J-14-93072A".

The following pages show the inspection report form (IRF-10) for the LEUO7 particles.

Following the IRF-10 inspection report form, which summarizes the results, are the individual
data report forms for the measurements that were performed.
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6 Characterization of overcoated particles

This section contains characterization data on the overcoated particle lot LEUO7-OP1. The data
was obtained according to product inspection plan AGR-CHAR-PIP-11R0, "Product Inspection
Plan for AGR-2 Overcoated Particles for Compacting". The data obtained by this inspection plan
is used in support of compact fabrication and for input into measurements made for compact
acceptance testing. There are no direct specifications for the measured parameters.

After overcoating, the overcoated particles from LEUO7-YO1 through Y48 were combined and
homogenized into an overcoated particle composite. The overcoated particle composite was
labeled LEUO7-OP1 and AGR-CHAR-PIP-11RO was completed. This plan calls for
measurement of average overcoated particle weight and diameter. The plan also calls for riffling
of compact charges for pressing. One hundred and eighty compact charges were prepared and
labeled LEUO7-OP1-G001 through G180. A record of the weight of each compact charge can be
found on data report form DRF-24D, in section 7.

The following pages show the inspection report form (IRF-11) for the LEUO7-OP1 overcoated
particles. Following the IRF-11 inspection report form, which summarizes the results, are the
individual data report forms for the measurements that were performed.

The average thickness of the overcoat can be estimated from the increase in the average particle
size after overcoating, (1332 ym - 862 um)/2 = 235 um. The increase in average particle weight
was (2018 mg - 1.004 mg) = 1.014 mg. From these values, the average density of the
overcoating prior to compacting can be estimated to be 1.12 g/cm’.
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7  Characterization of compacts

This section contains acceptance testing data on the compact lot LEUO7-OP1-Z. The data was
obtained according to product inspection plan AGR-CHAR-PIP-12R1, "Product Inspection Plan
for AGR-2 UCO Fuel Compact Lots". This compact lot was determined to not satisfy the
specifications in section 3.3 of the AGR-2 Fuel Specification (INL SPC-923, Rev. 3). The final
disposition of this compact lot was to not use for the compacts for the AGR-2 irradiation test, but
to retain the compacts in storage at ORNL and INL for possible future analysis or methods
development.

After compacting, 155 compacts were selected from LEUO7-OP1-G001 through G180 for use.
Compacts with obvious processing defects, chips, or undesirable dimensions were sorted out and
not included in the 155 compacts selected for the final fuel compact lot. This down-select was
part of the compacting process and was performed prior to random selection of compacts for
acceptance testing. It should be understood that the results in this section and the acceptance
testing are only relevant for the final 155 compact lot from which random representative samples
were drawn for characterization. As instructed in AGR-CHAR-PIP-12R1, these 155 compacts
were randomized and relabeled as LEUO7-OP1-Z001 through Z155. A record of the original G-
number for each Z-numbered compact can be found on data report form DRF-24C, in this
section. After relabeling, the compacts were characterized for product acceptance according to
product inspection plan PIP-12. This plan calls for measurement of compact length, diameter,
mass, matrix density, uranium content, impurity content, and determination of defect fractions
for exposed uranium, defective SiC, uranium dispersion due to defective IPyC, and defective
OPyC.

The following pages show the inspection report forms (IRF-12A, IRF-12B, IRF-12C, IRF-12D)
for the LEUO7-OP1-Z compacts. Following the IRF-12 inspection report forms, which
summarize the results, are the individual data report forms for the measurements that were
performed. Note that the leach-burn-leach (LBL) analysis is performed on sets of 20 compacts at
a time, in four sample groups with 5 compacts in each sample. Inspection report forms IRF-12B,
IRF-12C, and IRF-12D summarize the results from each set of 20 compacts. Inspection report
form IRF-12A summarizes all the analyses. The mean and standard deviation for the impurity
analyses (IRF-12B) , the uranium contamination fraction or effective number of exposed kernels
before the burn (IRF-12C) and the defective SiC defect fraction or number of exposed kernels
after the burn (IRF-12D) are calculated from the combined results of all the relevant sample
groups. These combined results, which are then entered into IRF-12A, are provided in Table 7-1
and Table 7-2 below.
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Table 7-1: Summary of impurity analysis for LEU07-OP1-Z compacts

060, 046,

141, 138,

023,076,

139,083,

005,013,

135,017,

037,027,

129, 149,

055,030,

026, 103,

112,009,

144,134,

Compact ID numbers: 122, 146, 111,064, 006, 040, 087, 145, 107,058, 022,018, 097,025, 100, 029, 085, 108, 095,119, 155,056, 051,115, Mean Sg?g;ﬁl
130 053 034 049 062 125 048 066 140 077 001 088
Number of compacts: 5 5 5 5 5 5 5 5 5 5 5 5
Iron
Deconsolidation-leach (DRF-26A) (1 g): 29.36 29.77 29.46 29.36 10.14 10.34 10.63 10.51 10.44 10.79 10.67 10.51
Burn-leach (DRF-26B) (ug): 4.65 20.29 3.10 2.99 5.67 944 6.63 8.28 5.65 597 6.63 5.76
Total leached (1g): 34.01 50.05 32.56 32.34 15.80 19.78 17.26 18.79 16.09 16.76 17.30 16.26
Fe outside SiC (ug/compact): 6.80 10.01 6.51 6.47 3.16 3.96 3.45 3.76 3.22 3.35 3.46 3.25 4.78 2.17
Chromium
Deconsolidation-leach (DRF-26A) (ug): 1.79 2.03 243 2.17 221 2.71 1.90 247 2.33 2.11 1.86 1.90
Burn-leach (DRF-26B) (ug): 0.73 0.72 0.70 0.64 0.76 0.89 0.89 0.90 0.72 0.78 0.86 0.70
Total leached (ug): 2.52 2.74 3.13 2.81 2.97 3.60 2.79 3.38 3.04 2.89 2.72 2.60
Cr outside SiC (ug/compact): 0.50 0.55 0.63 0.56 0.59 0.72 0.56 0.68 0.61 0.58 0.54 0.52 0.59 0.06
Manganese
Deconsolidation-leach (DRF-26A) (ug): 1.36 1.38 1.36 1.36 0.47 0.48 0.49 0.49 0.49 0.50 0.49 0.49
Burn-leach (DRF-26B) (ug): 0.21 0.20 0.21 0.19 0.19 0.19 0.20 0.19 0.19 0.19 0.20 0.19
Total leached (ug): 1.56 1.58 1.57 1.55 0.66 0.67 0.69 0.68 0.68 0.69 0.69 0.68
Mn outside SiC (ug/compact): 0.31 0.32 0.31 0.31 0.13 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.20 0.09
Cobalt
Deconsolidation-leach (DRF-26A) (ug): 1.16 1.17 1.16 1.16 0.40 041 0.42 041 041 0.42 0.42 041
Burn-leach (DRF-26B) (ug): 0.09 0.09 0.09 0.09 0.16 0.16 0.17 0.16 0.16 0.16 0.17 0.16
Total leached (ug): 1.25 1.26 1.25 1.24 0.56 0.57 0.58 0.58 0.57 0.59 0.59 0.58
Co outside SiC (ug/compact): 0.25 0.25 0.25 0.25 0.11 0.11 0.12 0.12 0.11 0.12 0.12 0.12 0.16 0.07
Nickel
Deconsolidation-leach (DRF-26A) (ug): 5.70 5.78 5.72 5.70 1.97 201 2.06 2.04 2.02 2.10 2.07 2.04
Burn-leach (DRF-26B) (¢ g): 0.96 0.94 0.93 0.83 0.82 0.93 0.89 0.94 1.11 0.93 0.90 0.85
Total leached (ug): 6.66 6.72 6.65 6.53 2.78 2.94 2.95 2.98 3.13 3.02 2.97 2.89
Ni outside SiC (ug/compact): 133 1.34 133 1.31 0.56 0.59 0.59 0.60 0.63 0.60 0.59 0.58 0.84 0.36
Transition Metals
Cr+Mn+Co+Ni outside SiC (zg/compact): 2.40 2.46 2.52 243 1.39 1.55 140 1.52 149 1.44 1.39 1.35 1.78 0.50
Calcium
Deconsolidation-leach (DRF-26A) (ug): 67.14 74.30 124.36 74.38 24.60 37.31 25.80 25.50 45.30 39.18 49.14 25.50
Burn-leach (DRF-26B) (ug): 118.70 121.03 112.44 102.32 136.72 160.04 167.65 199.10 109.74 116.39 90.73 115.81
Total leached (ug): 185.84 195.33 236.81 176.70 161.32 197.35 193.45 224.60 155.04 155.57 139.87 141.31
Ca outside SiC (ug/compact): 3717 39.07 47.36 35.34 32.26 39.47 38.69 44.92 31.01 31.11 2797 28.26 36.05 6.22
Aluminum
Deconsolidation-leach (DRF-26A) (ug): 74.72 84.31 63.69 72.66 235.12 75.87 63.69 71.66 71.17 64.86 56.07 63.95
Burn-leach (DRF-26B) (ug): 73.10 71.55 73.81 71.17 63.01 66.18 65.94 67.21 60.71 74.56 62.78 57.00
Total leached (ug): 147.82 155.87 137.50 143.83 298.13 142.05 129.63 138.87 131.89 139.42 118.85 120.96
Al outside SiC (ug/compact): 29.56 31.17 27.50 28.77 59.63 28.41 25.93 27.77 26.38 27.88 23.77 24.19 30.08 9.54
Titanium
Deconsolidation-leach (DRF-26A) (ug): 6.05 7.72 7.78 8.23 6.75 9.00 6.76 9.90 7.65 7.17 5.31 6.62
Burn-leach (DRF-26B) (ug): 8.87 748 10.06 7.08 742 5.70 8.12 5.82 7.95 8.20 9.06 8.23
Total leached (ug): 14.92 15.20 17.84 15.31 14.17 14.70 14.88 15.72 15.60 15.37 14.37 14.85
Ti outside SiC (ug/compact): 2.98 3.04 3.57 3.06 2.83 2.94 2.98 3.14 3.12 3.07 2.87 2.97 3.05 0.19
Vanadium
Deconsolidation-leach (DRF-26A) (ug): 40.25 40.05 37.61 42.69 38.05 4471 37.05 41.40 42.77 42.07 39.93 38.82
Burn-leach (DRF-26B) (ug): 53.93 53.39 54.92 53.74 48.96 50.11 46.19 46.00 4925 55.51 52.53 43.79
Total leached (1g): 94.19 93.44 92.53 96.43 87.01 94 .82 83.24 87.40 92.02 97.58 92.46 82.61
V outside SiC (ug/compact): 18.84 18.69 18.51 19.29 17.40 18.96 16.65 17.48 18.40 19.52 18.49 16.52 18.23 0.99
Titanium and Vanadium
Ti + V outside SiC (ug/compact): 21.82 21.73 22.07 22.35 20.24 21.90 19.62 20.62 21.52 22.59 21.37 19.49 21.28 1.04
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Table 7-2: Summary of uranium contamination and SiC defect analysis for LEU07-OP1-Z
compacts

Effective number of exposed Number of kernels

Compact ID numbers Number of compacts kernels before burn leached after burn
060,046, 122, 146, 130 5 1.1 0
141, 138,111,064, 053 5 1.1 0
023,076, 006, 040, 034 5 0.0 0
139,083,087, 145, 049 5 0.6 0
123, 147,152,035,010 5 0.0 0
110, 045,042,002, 086 5 2.0 0
136,078, 052,070, 059 5 1.1 0
033,044, 124,075,032 5 0.2 0
005,013, 107,058, 062 5 2.0 0
135,017,022,018, 125 5 0.0 0
037,027,097,025, 048 5 0.0 0
129, 149, 100, 029, 066 5 1.0 0
055,030,085, 108, 140 5 1.1 0
026, 103,095, 119,077 5 1.1 0
112,009, 155,056,001 5 0.0 0
144,134,051, 115,088 5 0.0 0
142,047,011,092,038 5 0.0 0
069, 050, 039, 150, 028 5 0.0 0
114,133,127,091, 061 5 23 0
099,024,031, 104, 101 5 1.0 0

Total: 100 14.6 0

One compact was measured to be 0.046 mm longer than the specified 25.40 mm upper limit for
compact length. This minor deviation is not expected to affect the compact performance and was
not associated by significant deviations in the compacting force or matrix density. It was
therefore determined that the compact could be used as is. This was documented on ORNL
nonconformance report NCR-X-MSTD-AGR-10-01.

After compacts were electrolytically deconsolidated and leached, uranium was detected at a level
equivalent to ~15 kernels out of the ~317690 particles leached. This corresponds to a binomial
distribution defect fraction of <7.3E-5 at 95% confidence, which is above the specified limit of
<2.0E-5. Analysis of as-coated TRISO particles from the same batch (G73J-14-93072A) showed
a similar defect fraction. Further analysis determined that the source of the defects was cracked
TRISO coatings on a small fraction of otherwise normal particles. This damage is thought to
have occurred at B&W during removal of the particles from the coating furnace via a suction
transfer system. Because the suspected root cause of this nonconformance was not related to the
compacting and characterization activities at ORNL, the nonconformance report was issued by
INL. A decision was made to not use these compacts for the AGR-2 irradiation test because of
the higher than desired level of exposed uranium in the as-manufactured fuel. This disposition
was documented on INL NCR-44791. However, because this fuel has been well characterized, it
will be retained in storage at INL and ORNL and may be used for methods development or other
analyses.

Particles from 20 compacts were analyzed for uranium dispersion, which is an indicator of a
defective IPyC layer. Excessive permeability in the IPyC may result in chlorine intrusion during
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SiC deposition and subsequent uranium leaching out of the kernel and into the buffer during
compact heat treatment. A large defect fraction was observed, 443 out of 63538 particles. This
corresponds to a binomial distribution defect fraction of <7.6E-3 at 95% confidence, which is
well above the specified limit of <1.0E-4. Analysis of as-coated TRISO particles from the same
batch (G73J-14-93072A) showed a similar defect fraction. The cause of the uranium dispersion
is not completely known, although it is thought to be due to possible abnormal porosity in the
IPyC layers of some of the particles. Because the suspected root cause of this nonconformance
was not related to the compacting and characterization activities at ORNL, the nonconformance
report was issued by INL. A decision was made to not use these compacts for the AGR-2
irradiation test because of the higher than desired level of uranium dispersion in the as-
manufactured fuel. This disposition was documented on INL NCR-44792. However, because this
fuel has been well characterized, it will be retained in storage at INL and ORNL and may be
used for methods development or other analyses.
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For Information Only

The information in the remainder of this section is from additional characterization that was not
required by the fuel product specification.

Anisotropy of pyrocarbon layers after compacting

To examine the change in pyrocarbon anisotropy during compact fabrication, particles were
recovered after deconsolidation of the particles from the compact for defective OPyC analysis.
After compacting, the anisotropy of the pyrocarbon layers was observed to increase. This
increase occurs during the heat treatment of the compacts at 1800°C for 1 hour. The
diattenuation of the IPyC increased from 0.0118+0.0006 to 0.0150+0.0006 (1.0355+0.0019 to
1.0451+£0.0019 in terms of effective BAFo). The diattenuation of the OPyC increased from
0.0081+0.0003 to 0.0129+0.0007 (1.0242+0.0008 to 1.0388+0.0021 in terms of effective BAFo).
The following data report forms contain the data for these measurements.
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Data Report Form DRF-18A: Measurement of Pyrocarbon Anisotropy using the 2-MGEM - IPyC

Procedure:|AGR-CHAR-DAM-18 Rev. 1

Operator:|G. E. Jellison

Mount ID:|M09111301

Sample ID:|LEU07-OP1-Z079

Sample Description:|AGR-2 UCO Baseline Fuel, from G73]-14-93072A, after compacting

Folder containing data: |\\mc-agr\AGR\2-MGEM\R09112501\

Particle # Grid Diattenuation Equivalent BAFo = 1+3N
Position Average St. Dev. Ave. Error Average St. Dev. Ave. Error

1 4,4 0.0154 0.0023 0.0008 1.0462 0.0069 0.0024
2 4,5 0.0147 0.0024 0.0008 1.0441 0.0072 0.0024
3 4,6 0.0146 0.0046 0.0009 1.0438 0.0138 0.0027
4 5,4 0.0154 0.0029 0.0008 1.0462 0.0087 0.0024
5 55 0.0147 0.0023 0.0008 1.0441 0.0069 0.0024
6 5.6 0.0160 0.0029 0.0008 1.0480 0.0087 0.0024
7 6,4 0.0150 0.0028 0.0009 1.0450 0.0084 0.0027
8 6,5 0.0160 0.0026 0.0008 1.0480 0.0078 0.0024
9 6,6 0.0143 0.0023 0.0009 1.0429 0.0069 0.0027
10 5,7 0.0142 0.0021 0.0009 1.0426 0.0063 0.0027

Average 0.0150 0.0027 0.0008 1.0451 0.0082 0.0025

Mean of average BAFo per particle: [1.0451

Standard deviation of average BAFo per particle:|0.0019

Comments

ARy AN | 12/16/0 9

Operator Date
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Data Report Form DRF-18B: Measurement of Pyrocarbon Anisotropy using the 2-MGEM - OPyC

Procedure:

AGR-CHAR-DAM-18 Rev. 1

Operator:

G. E. Jellison

Mount ID:

M09111301

Sample ID:

LEUO7-OP1-Z079

Sample Description:

AGR-2 UCO Baseline Fuel, from G73]-14-93072A, after compacting

Folder containing data:

\\mc-agr\AGR\2-MGEM\R09112501\

Particle # G_riq Diattenuation Equivalent BAFo = 1+3N
Position Average _ St. Dev. Ave. Error Average St. Dev. Ave. Error

1 4,4 0.0137 0.0027 0.0010 1.0411 0.0081 0.0030
2 4,5 0.0132 0.0028 0.0010 1.0396 0.0084 0.0030
3 4,6 0.0133 0.0029 0.0012 1.0399 0.0087 0.0036
4 5,4 0.0135 0.0032 0.0011 1.0405 0.0096 0.0033
5 5;5 0.0113 0.0025 0.0010 1.0339 0.0075 0.0030
6 5,6 0,0131 0.0026 0.0011 1.0393 0.0078 0.0033
7 6,4 0.0126 0.0028 0.0011 1.0378 0.0084 0.0033
8 6.5 0.0134 0.0027 0.0010 1.0402 0.0081 0.0030
9 6,6 0.0124 0.0026 0.0010 1.0372 0.0078 0.0030
10 5,7 0.0127 0.0025 0.0011 1.0381 0.0075 0.0033

Average 0.0129 0.0027 0.0011 1.0388 0.0082 0.0032

Mean of average BAFo per particle: [1.0388

Standard deviation of average BAFo per particle:[0.0021

Comments

£ 2;}%«

Operator

12/ /6/07

“ Date
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Data Report Form DRF-18A: Measurement of Pyrocarbon Anisotropy using the 2-MGEM - IPyC

Procedure:|AGR-CHAR-DAM-18 Rev. 1

Operator:|G. E. Jellison

Mount ID:|M09111301

Sample ID:|LEU07-OP1-Z079

Sample Description: |AGR-2 UCO Baseline Fuel, from G73J-14-93072A, after compacting

Folder containing data: [\\mc-agr\AGR\2-MGEM\R09112501\

Particle # Grid Diattenuation True BAFo = (1+N)/(1-N)
Position Average St. Dev. Ave. Error Average St. Dev. Ave. Error

1 4,4 0.0154 0.0023 0.0008 1.0313 0.0047 0.0017
2 4,5 0.0147 0.0024 0.0008 1.0298 0.0049 0.0016
3 4,6 0.0146 0.0046 0.0009 1.0296 0.0095 0.0019
4 5,4 0.0154 0.0029 0.0008 1.0313 0.0060 0.0017
5 5,5 0.0147 0.0023 0.0008 1.0298 0.0047 0.0016
6 5,6 0.0160 0.0029 0.0008 1.0325 0.0060 0.0017
7 6,4 0.0150 0.0028 0.0009 1.0305 0.0058 0.0019
8 6,5 0.0160 0.0026 0.0008 1.0325 0.0054 0.0017
9 6,6 0.0143 0.0023 0.0009 1.0290 0.0047 0.0019
10 5.7 0.0142 0.0021 0.0009 1.0288 0.0043 0.0019

Average 0.0150 0.0027 0.0008 1.0305 0.0056 0.0017

Mean of average BAFo per particle: |1.0305

Standard deviation of average BAFo per particle:[0.0013

Comments

I SO 4
& 3 WEYNIABLP'

Operator 0 €@ Date
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Data Report Form DRF-18B: Measurement of Pyrocarbon Anisotropy using the 2-MGEM - OPyC

Procedure:|AGR-CHAR-DAM-18 Rev. 1

Operator:|G. E. Jellison

Mount ID:|M09111301

Sample ID: [LEUO7-OP1-Z079

Sample Description: |[AGR-2 UCO Baseline Fuel, from G733-14-93072A, after compacting

Folder containing data: |\\mc-agr\AGR\2-MGEM\R09112501\

Particle # Grid Diattenuation True BAFo = (1+N)/(1-N)
Position Average. St. Dev. Ave. Error Average St. Dev. Ave. Error

1 4,4 0.0137 0.0027 0.0010 1.0278 0.0056 0.0021
2 4,5 0.0132 0.0028 0.0010 1.0268 0.0058 0.0021
3 4,6 0.0133 0.0029 0.0012 1.0270 0.0060 0.0025
4 5,4 0.0135 0.0032 0.0011 1.0274 0.0066 0.0023
5 5.5 0.0113 0.0025 0.0010 1.0229 0.0051 0.0020
6 5,6 0.0131 0.0026 0.0011 1.0265 0.0053 0.0023
7 6,4 0.0126 0.0028 0.0011 1.0255 0.0057 0.0023
8 6,5 0.0134 0.0027 0.0010 1.0272 0.0055 0.0021
9 6,6 0.0124 0.0026 0.0010 1.0251 0.0053 0.0021
10 5,7 0.0127 0.0025 0.0011 1.0257 0.0051 0.0023

Average 0.0129 0.0027 0.0011 1.0262 0.0056 0.0022

Mean of average BAFo per particle: |1.0262

Standard deviation of average BAFo per particle:|0.0014

Comments

P N et 02//s /52

o7  Operator L ’  Daté
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Appendix A: Certificate of Conformance

This section contains the Certificate of Conformance for the LEUO7-OP1-Z compact lot, This is
a record of the review by Quality Assurance personnel that specified requirements have been met
or that nonconformances to those requirements have been documented. Appendix B contains
copies of the applicable Nonconformance Reports.
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Appendix B: Nonconformance Reports

This section contains the applicable Nonconformance Reports for the LEUO7-OP1-Z compact
lot. A nonconformance related to compact length was determined to be acceptable. However, a
higher than allowed fraction of exposed uranium was determined to not be acceptable for the
AGR-2 irradiation test. The exposed uranium was due to cracked TRISO layers in the coated
particle composite. These cracks are thought to have occurred at B&W when particles were
removed from the coating furnace using a suction device. In addition, a higher than allowed
IPyC defect fraction was determined to not be acceptable for the AGR-2 irradiation test.
Excessive permeability of chlorine through the IPyC during SiC deposition was evident from x-
ray observation of uranium dispersion out of the kernel and into the buffer after particles
experienced 1800°C heat treatment in the final stage of compacting. The final disposition of this
compact lot was to not use the compacts for the AGR-2 irradiation test, but to retain the
compacts in storage at ORNL and INL for possible future analysis or methods development. This
disposition was documented on INL NCR-44791 and INL NCR-44792.

118



ORNL/TM-2009/305

ORNL NONCONFORMANCE REPORT (NCR)

La. ATS TRACKING Nli.\IBER'r’ i
Lb. NCR- X MSTD-AGR-10-01
"5. HOLD/REJECT TAG #/ SEGREGATION AREA
N/A - tracking by NCR number

Materials Sci. & Tech.

2. DIVISION / ORGANIZATION

N/A
"6, IDENTIFICATION DATE .
February 27, 2009 & April 17, 2009

3. SUBCONTRACT #

[ 4. PROJECTTITLE/JOB #

AGR Program

T mumrlrk

lvan Dunbar

8. Type: DConstruction ln-llousc Fabricated DPmcedural DVt-ndor Supplied Dlndustrial Safety DOlher

9. RESPONSIBLE PERSON 10. EQUIPMENT / PART /ITEM NAME 11. BUILDING
John Hunn LEU06-OP1-Z, LEU07 OP1 -Z compacts 4508

12. FACILITY SYSTEM 13 SUPPLIER | 14 REQUIREMENT SOURCE

N/A N/A AGR-2 Fuel Spec. INL/SPC-923, Rev. 3

15. SPECIFIED REQUIREMENT
Compact length: none less than 25.02 mm or greater than 25.40 mm

16. NONCONFORMANCE
Four compacts outside critical limits.
LEU06-OP1-Z005 (25.003 mm long)
LEU06B-OP1-2044 (25.015 mm long)
LEU06-OP1-Z087 (24.888 mm long)
LEU06-OP1-Z099 (25.436 mm long)
One compact cutside critical limits.

LEU07-OP1-Z123 (25.446 mm long)

17. EVALUATION, REMEDIAL ACTION, AND TECHNICAL JUSTIFICATION

Compacts were processed within process limits provided in referenced specification and according to approved and tested procedure. However, existing
hydrautic press oifered insutficient control to produce the desired number of compacts (135 for LEU06-OP1-Z and 155 for LEU07-OP1-Z), with all compacts
within the specified length limits. Insutficient nature of hydraulic press had been previously noted by compacting expert on NCR-X-AGR-06-03, with
recommendation that improved equipment would minimize the probability of producing compacts with this non-conformance However, tha impact of
continued use of the existing press was deemed acceptable to the program under the existing budget! limitations. An electric servomolor press capable ot
more reliable conirol of compact length has recently bean acquired and used successtully to produce three additional compact lots tor the AGR-2 irradiation
campaign with all compacts within the specified length limits and with a significantly reduced standard deviation in the measured length, Indicative of the
improved process control.

No adverse resuils are anticipated from using the listed non-conforming compacts for irradialion, acceplance tesling or other uses. Observed deviations in
length are negligible. Recommended disposition is to use as Is.

18, SUPPLIER PROPOSED DISPOSITION ! i/ e //
/ A (1 1\» / %,a!/\,\,\

John Hunn, ORNL AGR Project Manager i . 73" 0

19. NONCONFORMANCE DISPOSITION

SIGNATURE/DATE

Ex\cccpulln-.-\s-ls DApprm'ed for Alternate Use DRrpair to Useable Condition DRework to Spec. DRcturn to Vendor DScrnp

20. SUBJECT MATTER EXPERT, DATE 31 RESPONSIBLE PERSON, DATE )3 Lo | * QASQACIOM.DATE )
P 13 p<
/ /,}Z A reg ce% V——"/o;/;e 5/
John Hunn //J{ e M 122309 John Hunn \ 34 1_3—0‘\ Mark Van (o
David Petti AP
23. DESIGN DRAWINGS, SPECS, OR PROCEDURE CHANGES?[_[Yes  If yes, list clo, ZNo 24.USQD REQUIRED? |_]YespANo
DESIGN AUTHORITY OR SYSTEM ENG., DATE N/A SAFETY ANALYST, DATE N/A
25. PAAA OFFICE SCREENING? e_No 26. MIACTUAL L JESTIMATED COST 37. PROBABLE CAUSE CODE

No additional cost associated with this disposition
REMEDIAL ACTION COMPLETION
29, TARGET DATE

N/A

4C

SIGNATURE,DATE

28. RESPONSIBLE PERSON OR VERIFIER

N/A No further remedial action planned

30. DATE CLOSED

N/A
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S Control of Nonconforming ltems

08/30/2003 Nonconformance Documentation

Initiater: S Number: Work Org.: Woark Phone:

Barnes, Charles M 059914 C700 6-0864

Documentation

NCR Number. - .- - |Daleldentified: - ~ - & *sgo: oo Ll FEﬁ]llty:OFF-S

4479.1...__ EETIE 08.’04’?009_ o IR AGnl?:zcompacts and cuated deatlon.ORNL - i
JEET R P ' particles : {Description:Bidg 4508 and - [

' .+ -|possibly other ORNL = -7 - |

R Ll : ) buildings cn
Itern Name Gl e L : Req NoIPO No. ISC and/or Pro]ect No.:

and other AGR-2 campacl lots (LEUO7 and pos sibly LEUD9 fabrication and develapment; Contract 59613 with ORNL

LELOS compacts cdnlainln g BAW G73 J 14-83074 A partn:!es Project #23841; Contract #27240 with B&W for lndustr]al fuel__

and Ior LEUT1) containing B&W AGR-2 pariicles. “|which includes AGR corrrpa_cl_ fabrication and characterization ]

Supplier NametAddress: ' ;
Supplier of AGR-2 particles is Babceck & Wilcpx Co., 1570 ML E']I'l':lggl CF".ISlf;[ 0 Dth er
Athos Road, Lynchburg. VA 24504

*ls 1he ndn-conformance under the requirernent of SNF or NRC-licensed activities (DOEIRW DSSEF’)?O Yes . No

Speclﬂr:alinn to whlch llem does not perform: -

SPC-923, Rev. 2 AGR-2 Fuel Specification {in effect when AGR-2 UCO parlicle data package was submilted by B&W) and
SPC-923, Rev 3 (In effect when LEUOB and other AGR 2 cumpacts were character]zed) )

Associated Documents: : :
Dala Packages for LEUOB, LEUO7, LEUDQ and LEU11 compacts (ndl issued at this time); B&W Data Packages for AGR»Z
UCO pariicles, lots G73J-14-93071A, G73J-14-830724, G73J-14-93073A, G73J-14-93074A & G73H-10- -830858; 1 TCT

meetlng notes of March 2 & 5 telecnnferences, March 16 & 18 leleconferences. and Aprll 2 teleconference
Non-Confdrmanr:e Descriptldn._ S : o o I -
LEUDE compacts were found to contaln uranlum cpntamlnation at appreximately 10-4 g exposed u per gram total U in

determined to be caused by cracks through all layers of the coatings of a fraction of particles contalned In these compacts.

2}, it was recommended that LEU0E compacts not be used in the AGR-2 experiment because of the high uranfum -~ -~
contamination but replaced by a new set of compacts contalning G73J-14-93073A particles. This replacement batch of
compacits 1§ expecied 1o have a lower fraction of uranium contamination {44% of the LEUOG fraction based on ali leach and
bum leach results arid 95% confidence values or 33% based on all leach and burn leach results and 50% confidence values).
LEUQ7 compacts were also found to have uranium contamination above the specification limit, although for a separate reason
(umalum dispersion}, LEUG7 compacts have been rejected for use In the AGR-2 experiment. The actual uranium
cantamination values for LEUDS compacts are s1.4E-4 {95% confidence based on analysls of 40 compacts only) for LEUOE
and <6,9%10-5 (95% confidence based on analysls of 100 compacis) for LEUO7 compacts. The expected value for LEUQD
compacts Is 5x10-5 {85% confidence), based on measurements of defect fractions of 217,000 paricles from batch 93073A

compacts, compared to the specification of s 2x10-5 g exposed U per g U in compacts, Exposed uranium In compacts was - :

Based on several teleconferences of the VHTR TDO Fugls Techrical Coordination Team {held an March 2, 5, 16, 18 and Aprll ¥

Responslble Manager(RM) : S . Respdnslble Quality Englneer(QE)
Cox, JDhnR R . S R Raoberts, Gary D

Allemate RM for processing NCR:
Crospn, Diane Vo

Next Activity: Implementation Completion - RM
Actlonee: Crason, Diane V

Date Due:
Screening - Responsible Manager :
Responsible Manager (RM): Organlzation Phone: Date Screened:
Croson, Diane V C700 5-3402 12/08/2009

* |nitlator has selected "No" to the non-conformance under the requirement of SNF or NRC-licensed aclivities
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DOE/R 0333F') Is this Carrect?
Yes

*Does the NCR require Stop Work?

O Yes @ Mo

*Does this NCR support Environmental Requirements? O Yes @ No

RM Comments:

None

RM Change History:

12/08/2009 07:26 AM : Angela J Smith changed the RM from Cox, John R to Croson, Diane V

Screening - Quality Engineer
Quality Engineer (QE); Organization Phone: Date Screeped:
Roberts, Gary D W560 6-8961 12/08/2009
*1s the NCR valid? @ Yes O No
Quality Commenits:
Nane

Notification - RM

Responsible Manager (RM): | Organization Phone: Date Notified:
Croson, Diane V C700 B-3402 12/08/2009
S;ZPS Report Number: : S *|s the NCR operational eguipment needed for Conditional
S se .
E) Yes @ No
*aren of Responsihility: Optional Internal Area of Responsibility:
INL NGNP
Cognizant Director:

*Facillty Manager:

Soto, Rafael Petti, David A

Cognizant Director's Altemnate(s):
Smith, Angela J; Armour, Kimberly Jo

Compllance Coordinator(s) to determine Price Anderson
{PAAA) noncompliance:

Smith, Angela J

*,
Does the non-conformance inveolve suspect/counterfeit
lems?
Yes @ No

*Does this NCR pertain to Waste Containers, Waste Packaging. or Packaging and Transporiation activities? O Yes @ No
Method of Segregation:

Material is located at ORNL and is segregated from other fuel batches 1o prevent inadvertant use

Method of Identification:

Clearly {able by batch number

*| cad Disposition Evaluator: This block s intentionally left blank.
Barnes, Charles M

Additional Disposltion Evaluator{s):

{These evaluators verify and concur the disposition of NCR.)
Additional Notification:

QE Red Tag Process
Quality Engineer (QE}: Organlzation Fhone: Dale Processed:
Roberts, Gary D W560 6-8861 07/30/2009

Tepging information/Other Methods:

Other means of Tag Identification:

Disposition
Lead Disposition Evaluator: Crganization: Phone: Date Disposition sent for
Barnes, Charles M C700 5-0864 approval;
12/08/2009

*NCR Disposition: *Multiple Disposition Documentation:
O use Asls O Reject 1. LEUOS and LEUO7 compacts: Do not use for AGR-2 fuel
O Repalr @ Multiple Disposition because of high uranium contamination. However, because

full characterization has been performed on these compacts
O Rework and the kernels and coated particles that they contain, LEUQG

124

N ~F A Meto 479,/A0JIAAO A4 B4 DA



INL/ICP ICARE NCR System

ORNL/TM-2009/305

compacts should be retained In storage at INL and ORNL for
possible future uses. These uses include measurement of
thermal conductivity or other compact properties, tests of PIE
methods, and tests to betier determine fue! specification limits.
2, LEUOS9 and LEU11 compacts: Use as is. See justification

below.,
*Daes Disposition represent Deslgn Change? *Does this item require a Unreviewed Safety Question (USQ}
Yes @ No screening and evaluation?

Yes No
tdentify as-bullt drawings and other documentaﬁon:(*For tse-As-Is and Repalr)
NIA
Methed of Dlsposal:(*For Reject)
NIA

Technical Jusliﬂcatlon:(*For lUse-As-Is and Repair)

Justification for use as Is for LEU0S and LEU11 compacts: Uranium equivalent to 2 defactive particles has been found in 60
LEUODS compacts; this level is low enough to permit use of these compacls in the AGR-2 experiment, although the level may
not meet the fuel uranium contamination specification limit. The final determination of whether LEU0S compacts meel the
uranium contamination specification will be made after analyses are complete of ariother 40 compacts. No uranium
contamination has been found in the analysls of 40 LEU11 compacts. 80 additional LEU11 compacts are being analyzed.
Past analyses of multiple sets of 20 compacts show very [ittle variation In results from one set to the next because of the large
number of particles in each set of 20 compacts.

Technical requirements and acceplance criteria to be used for repair work:

N/A

Inspections and Verification Criteria for acceptabllity of repalr or rework:

NIA

Other Documents or QA records requiring the change:

N/A

If this noncanforming item is assoclated with, or caused by, a program, procedure, or process problem, document the issue in
accordance with LWP-13840:

NIA
Dispasition Concurrence/Approval
Approval RM{Signature) Concurrence/Approval This block is intentionally left | This block is intenticnally left
Croson, Diane V QE(Signature) blank. blank,
Diane V Croson Raberts, Gary D
12/08/2009 Gary D Roberts
12/08/2008

Implementation Completion - RM
Responsible Manager (RM): | Crganization Phone: Date Completion:
Croson, Diane V C700 6-3402
The Disposltion as approved has been completed and Implemented: L Yes (U NIA
Implementing Documentation:

Atlachments_{gomments

A

PAAA 44791 (AGR-2 compacts).pdf

Revision Hislory

12/08/2009 04:30 PM : Diane V Croson as an RM concurred the Disposition and signed off.

12/08/2008 04:20 PM : Gary D Roberis as a QE concurred the Disposition and signed off.

12/08/2009 02:37 PM : Charles M Barnes completed NCR Disposition and submitted to Croson, Diane V; Roberts, Gary D
for their concurrence and approval,

12/0B/2009 07:52 AM : Diane V Croson completed Notification Process and notified Roberis, Gary D; Soto, Rafael;, Smith,
Angela J; Armour, Kimberly Jo; Smith, Angela J; Pettl, David A; Bamnes, Charles M

12/08/2008 07:44 AM : Gary D Roberts completed screening and forwarded to Croson, Diane V for Notification process.
12/08/2008 07:34 AM : Diane V Croson completed screening and forwarded to Roberts, Gary D for QE Screening.
12/08/2008 07:26 AM : Angela J Smith changed the RM from Cex, John R to Croson, Diane V

08/04/2009 03:26 PM : Charles M Barnes submitted NCR to RM Cox, John R for screening.
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The following fields are general purpose public use. Any data entered here is not related
to NCR process and solely used for one's individual need. Integrity of the data is not

guarantied since it can be replaced by any user randomly.
FIELD A:

(Field Name: FIELDA, type Text)

FIELD B:

__ield Nae: FIDb type Te) -
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ORNL/TM-2009/305

2001 Control of Nonconforming ltems
0£9/30/2003 Nonconformance Documentation
Initiator: S Number: Work Org.: Work Phone;
Bames, Charles M 059914 C700 6-0864
Documentation
NCR Nurnber o . -.|Date|denlified: =~ -~ - |*ggp. S : *Facillty OFF-§
44792 S |oB/o4r2008 - AGR-2 UCO bassline costed
o . R : ricl p ¢ Location ORNL .
B ' -|Particles an _°°'.“F."=‘._° S | Descriptlon:Bldg 4508 and
) | possibly other ORNL .
TR R ) S O o oo |bulldings
*em Name T RN ST Req. No/P.O. No./SC andlur Pruject No.:

* |Project #23841; Contract #27240 with B&W for lndustrlal Fuel
ﬁgg&; ggn? Sslsse&ﬁc?nagﬁ;?n(%%%?i-lﬁ ar;%i:lie()s'iEA) also. Fabrication and Development; Contract 58613 with ORNL
p P which includes AGR-2 compaci fabricalion and
L characterlzallun

Suppller NamelAddress Lo Thls NCR Is for:
Suppller of 93071A and 93072A parhcles s Babcock & Wiicox ﬁ icP < INL.
Co.,"1570 Mt. Athos Road, Lynchburg, VA 24504 :

Is the hon-conformance under the requiremem ofSNF or NHC th:ensed activitles (DOEIHW-DSSBF')? O Yes . No

I:l Cther _

Specfﬁcat]un to.which ltem does not perform:
SPC-923, Rev 2 AGR-2 Fuel Speclf ication {in effect when particle dala packages submllted by B&W) and SPC 923 Rev 3 (ln
effect when LEUD'J and 93071A partlcles were analyzed for IPyC defects by ORNL)
Assoclated Documents: -

Daia packages for LEUO? compacts (not issed at this time); B&W Data Packages for AGR-2 UGO partlcles Iuls
(373J-14-93071A and G73J-14- 93072A (2 separate dala packages)

Non Canformance Descrlptlon

ORNL determined that more than 100 partlcles out of approxlmalely 64, DCIO panictes from LEUO? cumpacls shnwed evldence
of uranium dispersion, Indicating defective IPyC layers an these particles. The analysis has not been finalized but ORNL - -
eslimates thal the defect fraction will be in the range 5-7x 10-3 {from July NGNP monthly report), compared o the speclfication
value of £1x10-4. - Analysis of samples of 10,000 particles from batches 93071A and 93072A showed uranium disperslonin -
both of these batches both before and after heat freatment at 1800 C for 1 hour (to simulate heat treatment of compacts).
Analysis of these particles suggests that the uranium dispersion in 93071A paricies Is likely due to cracked IPyC layers that
may have been caused by an anomalous event during coating in which the cup used to withdraw a- sample of IPyC-coated -
particles broke off fram the rod holding it, fell Into the particle bed and remained in the particle bed during SIC and OPYC - -
coating, ‘Analysis of 93072A parlicles has not identified a lkely cause as of this date, but efforts are continuing to ldentify the
cause. The results of these analyses will be used {o define coating tesls at B&W to resplve the cause and dernonslrate the
consistent production of particles with acceptabiy low levels of IPyC defecls.

Respons[ble Manager(RM) S o Responslb[e Quality Engineer (QE):
Cox, JohnR e Co . _|Roberts, Gary D . '

A]temale RM for processlng NCR
Cox, John R..=

Nekt.'l;{divlly: lhﬁiémeniatlun Completion - RM
Actionee: Cox, John R

Date Due;
Screening - Responsible Manager : ]
Responsible Manaper (RM): Organization Phone: Date Screened: |
Cox, John R C700 6-5585 08/05/2009

*Initistor has selected "No* to the non-conformance under the requirement of SNF or NRC-licensed activities
DOE/R 0333P) {5 this Correct?
Yes
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INL/ICP ICARE NCR System

*Does the NCR require Stop Work?

O Yes @ No

ORNL/TM-2009/305

*Does this NCR support Enviranmental Requirements? O Yes @ No

RM Comments:
None

Screening - Quality Englnasr

Quality Engineer (QE): Organization Phone; Date Screened:
Roberts, Gary D W560 6-8961 08/05/2009
*|s the NCR valid? @ ves O No
Quality Comments;
None
Notification - RM
Responsible Manager (RM}: | Organization Phone: Date Notified:
Cox, John R - lc7oo 6-5585 08/05/2009
S}?\P 5 Report Number: *|s the NCR operational equipment needed for Conditianal

Use?
Yes @ No

*Area of Responsibility:
INL NGNP

Optional Internal Area of Responsibility:

Cognizant Director;
Soto, Rafael
Cognizant Directar's Afternate(s):

Smith, Angela J; Armour, Kimberly Jo

*Facllity Manager:
Pett], David A

Compliance Coordinator(s) to determine Price Anderson
(PAAA} noncompliance:

Smith, Angela J

*Does the non-conformance involve suspect/counterfelt
items?
Yes @ No

*Does this NCR periain to Waste Conlainers, Waste Packaging, or Packaging and Transpartation activities? O Yes @ No

Method of Segregation:

Material Is located at ORNL and Is segregated from other fusl balches to prevent Inadvertent use

Methed of [dentification:
clearly Iable by batch number

*Lead Disposition Evaluatar:

Bames, Charles M

Additional Disposition Evaluator(s):

(These evaluators verify and concur the disposition of NCR.)

This block is intentionally left blank.

Additianal Notification:

QE Red Tag Process
Quality Engineer (QE): QOrganization Phone: Date Processed:
Roberts, Gary D W560 6-8561 08/04/2008

Tagging information/Other Methods:

ltem Is not tagged with Red Tag. Segregation and batch number used to identify non-conforming material at ORNL.

Other means of Tag Identification:

N/A

Disposition
Lead Disposition Evaluator: QOrganization: Phone: Date Disposition sent for
Bamnes, Charles M C700 6-0864 approval:

08/13/2009
*NCR Disposition: *Mulliple Disposition Documentation:
O Usepsis O Reject 1. 93071A particles: Do nol use for AGR-2 fuel because of
. anomalous event during coating and high IPyC layer defect

8 Repair @ wuitipte Disposition fraction. Keep retainer and archive samples of 93071A

Rework

3 o~F A

particles at ORNL and B&W but dispose of remainder as
needed by ORNL to keep enriched uranium Iriventory within
facility limits, Disposal can be through normal ORNL waste
disposal channels, ar by returning to B&W. B&W would store
this material and evaluate whether to recover the enriched
uranium in this malerial along with other scrap materials from
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INL/ICP ICARE NCR System

ORNL/TM-2009/305

the AGR pragram when sufficient inventory builds up or at
program close out,

2. 93072A particles: Very limited gquantitles of these particles
remain and should be archived and stored at ORNL with other
archived AGR material. The purpose of retaining these
particles is for possible future analyses to better determine the
cause of the defects and to use for purposes unrelated to the
particle defects.

3. LEUO7 compacts: Due to the high fraction of IPyC defects
in the particles contained in these compacts, the compacts
should be rejected from use in the AGR-2 experiment.
However, due to the full characterization that has been
performed on these compacts and the kernels and particles
they contaln, LEUO7 compacts should be retained in storage at
INL and ORNL for possible future uses. These possible uses
include measurements of thermal eonductivity or other
compact properties, tests of PIE methods, and irradiation
experimetns to determine the consequences of high uranium
dispersion and establish a better basis for the defective [PyC
fuel specification.

*Does Disposition represent Design Change? *Does this ftem require a Unreviewed Safety Question (USQ)
Yes @ No screening and evaluation?
Yes No
Identify as-bullt drawings and other ducurnentalion:(*Fnr Use-As-Is and Repalr)

NIA

Method of Dispusal:(*For Reject)

Disposal will be in accordance with waste disposal processes at ORNL andfor BE&W,
Technical Justlﬁcalion:(*For Use-As-|s and Repair)

NIA,

Technical reguirements and acceptance criteria to be used for repalr work:
N/A

Inspections and Verlfication Criterla for acceptability of repalr or rework:
N/A

Other Documents or QA records requiring the change:
NIA

If this nonconforming Item is assoclated with, or caused by, a program, procedure, or process problem, document the issue in
accordance with LWP-13840:

N/A
Disposition ConcurrencefApproval
Approval RM({Signature}) Concurrence/Approval This block is intentionally left | This block is intentionally left
Cox, John R QE{Signature) blank. blank.
John R Cox Roberts, Gary D '
08/13/2009 Gary D Roberts
08/13/2000

Implementation Completion - RM
Responsible Manager (RM): | Crganization Phone: Date Completion:
Cox, John R €700 6-5585

The Disposition as appraved has been completed and implemented: L) Yes (J N/A
Implementing Documentation:

Attachments/Comments

=

PAAA 44792 (AGR-2 particles).pdf

Revision History

08/13/2009 04:14 PM : Gary D Roberts as a QE concurred the Disposition and signed off.
08/13/2009 02:12 PM : John R Cox as an RM concurred the Disposition and signed off.
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08/13/2009 01:57 PM : Charles M Barnes complated NCR Disposition and submitted to Cox, John R; Roberts, Gary D for
their concurrence and approval.

08/05/2008 12:23 PM : John R Cox completed Nolification Process and notified Roberts, Gary D; Soto, Rafagl; Smith,
Angela J; Smith, Angela J; Petti, David A; Bames, Charles M

08/05/2009 12:15 PM : Gary D Roberts completed screening and forwarded to Cox, John R for Naotification process.
08/05/2009 12:03 PM : John R Cox completed screening and forwarded to Roberts, Gary D for QE Screening.
08/04/2009 04:15 PM : Charles M Bames submitted NCR to RM Cox, JJohn R for screening.

The following fields are general purpose public use. Any data entered here is not related
to NCR process and solely used for one's individual need. Integrity of the data is not
guarantied since it can be rep[aced by any user randomly.

FIELD A: '

(Fleld Name: FIELDA, type Text)

FIELDB:
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